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Summary Iron appears to play a major role in catalysing free radical production, leading to lipid peroxida-
tion and DNA damage. We, therefore, investigated the effect of colloidal iron deposited in the peritoneum.
Wistar male rats were given either ferric saccharate, ferric saccharate and nitrilotriacetic acid (NTA), NTA or
saline. NTA was shown previously to 'free' iron to promote lipid peroxidation and an iron chelate of NTA is
known to be carcinogenic to the kidney. Iron at a dose of 5 mg kg-' day-', and saline at a dose of 0.5 ml day-'
were injected i.p. for 3 months. NTA at a dose of 83.5 mg kg-' day-' was give i.p for 5 months. All the rats
were killed about a year later for histological examination. In nine of the 19 rats treated with ferric saccharate,
mesothelial tumors were induced in the serosa of the tunica vaginalis or the length of the spermatic cord.
Among rats treated with ferric saccharate and NTA, seven had localised mesotheliomas in the above locations
and six had wide-spread peritoneal mesotheliomas. No mesothelial tumors developed in either NTA treated or
saline treated rats. No pleural mesotheliomas were found in any group. These findings add to the evidence that
iron is involved in some carcinogenic processes.
In our previous reports, we demonstrated that an iron
chelate, ferric nitrilotriacetate (Fe-NTA), causes severe acute
and subacute nephrotoxicity by lipid peroxidation (Hamazaki
et al., 1985, 1986-1988; Okada et al., 1987; Li et al., 1988).
This has recently been confirmed by others (Preece et al.,
1988). Upon prolonged administration of Fe-NTA, a high
incidence of renal adenocarcinoma was produced in mice and
rats (Okada et al., 1982, 1983; Ebina et al., 1986; Li et al.,
1987). The iron portion of Fe-NTA was responsible for the
above results. When Fe-NTA was injected intraperitoneally
(i.p.), we saw little iron deposition in the peritoneum. How-
ever, we noted a heavy iron deposit as a ferruginous subs-
tance in the loose connective tissue of the peritoneum, and in
the mesothelium, when the control animals were injected i.p.
with forms of colloidal iron, such as ferric saccharate or
ferric chondroitin sulfate.
As there are reports that iron is involved in carcinogenic
processes (Richmond, 1959; Haddow & Horning, 1960;
Okada et al., 1982), we examined whether iron deposited in
the peritoneum causes neoplastic changes in the mesothelium.
Materials amd methods
Four-week-old Sic: Wistar male rats (Shizuoka Laboratory
Animal Centre, Shizuoka) were fed a basal diet (Funabashi
F-1; Funabashi, Chiba) and given deionised water ad libitum.
A total of 80 rats were used. They were randomised into
groups that were given ferric saccharate (group 1, n=20).
ferric saccharate and nitrilotriacetic acid (NTA) (group 2,
n=20), NTA (group 3, n=20) and physiological saline solu-
tion (PSS) (group 4, n=20). The ferric saccharate solution
(Fesin, Yoshitomi Pharmaceutical Company, Osaka) was
prepared by diluting with 5% glucose solution. The NTA
solution was prepared by dissolving nitrilotriacetic acid
disodium salt (Nacalai Tesque, Kyoto) in PSS and the pH
was adjusted by sodium bicarbonate at about 7.0. NTA was
of guaranteed reagent quality, and no further analysis was
done to determine its purity. The ferric saccharate dose in
groups 1 and 2 rats was 5 mg of iron per kg of body weight
per day, given i.p., 6 days a week for 3 months. The NTA
dose in groups 2 and 3 rats was 83.5 mg per kg of body
weight per day, given i.p., 6 days a week for 5 months. To
group 4 rats 0.5 ml of PSS was given i.p. 6 days a week for 3
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months. All the animals were killed randomly about a year
later. Haematoxylin & Eosin stain was used for light micro-
scopic observations. In selected cases, Perls' stain for iron
was carried out on paraffin embedded sections.
Results
General
The serosal surfaces of the peritoneum and tunica vaginalis
of the animals given iron saccharate were brownish in color,
because of iron deposition. One rat from group I and one rat
from group 2 died within a month becuase of injection
errors. All the remaining rats looked healthy and there were
no differences in body weights among groups during the
treatment. The induction of mesothelioma by ferric sac-
charate with or without NTA is shown in Table I. In the
group I rats, mesothelial tumors were confined to the serosa
of the tunica vaginalis or the length of the spermatic cord
(Figure 1). Among the rats treated with ferric saccharate and
NTA, rats with wide-spread peritoneal mesotheliomas
(Figure 2) and rats with localised mesotheliomas were
observed. Some of these had apparently infiltrated into the
surrounding soft tissue. No mesothelial tumours developed in
either NTA (group 3) or PSS (group 4) rats. No pleural
mesotheliomas were found in any of the groups. Other
tumours occasionally found included: abdominal-wall
tumour in one rat of group 1, leukaemic splenomegaly in one
rat of group 2, and testicular tumours in eight rats of group
1, nine of group 2, 12 of group 3 and 13 of group 4. The
testes of mesothelioma-bearing rats tended to be hydropic or
TableI Incidenceofmesothelioma byintraperitoneal ferricsaccharate
in male Wistar rats
Number ofrats
with mesothelioma
Treatment groups Number of
(number ofrats used) effective rats Localised Diffuse Total
1. Ferric saccharate (20) 19 9 0 ga
2. Ferric saccharate
with NTA (20) 19 7 6 13b
3. NTA (20) 20 0 0 0
4. PSS (20) 20 0 0 0
NTA, nitrilotriacetic acid disodium salt; PSS, physiological saline
solution. aSignificantly different from groups 3 and 4, P <0.002 (X2
test). bSignificantly different from groups 3 and 4, P <0.001 (X2test).
Br. J. Cancer (I989), 60, 708 71 1 19" The Macmillan Press Ltd., 1989MESOTHELIOMA INDUCTION BY IRON COLLOID 709
Figure 1 Mesothelioma confined to the serosal surfaces ofCaput
and Cauda epididymis (measure, cm).
Figure 3 Tubulo-papillary pattern of tumour. Invasive character
is evident (right bottom). A widespread microcytic pattern was
evident elsewhere. The stroma is richly collagenous and shows
heavy iron deposition (Haematoxylin & Eosin stain, bar 0.1 mm).
Figure 2 Mesothelioma of the peritoneal serosa. A series of
small, raised, pale and granular nodular lesions were found over
the visceral and parietal surfaces of the peritoneum. Although the
undersurface of the diaphragm was studded with tumors, these
did not spread to the pleural cavity (measure, cm).
atrophic, and sometimes only cord-like remnants were
observed. Testicular tumours in those animals were small
compared with rats lacking mesothelioma.
Microscopicfindings
The mesothelial tumours showed a broad spectrum ofcytoar-
chitectural characteristics. There were, for example, epithelial
tumours (Figure 3) and mesenchymal or mixed-type tumours
(Figure 4). Others were anaplastic, invading surrounding tis-
sue (Figure 5).
Ferruginous deposits in the peritoneal cavity typically com-
prised a spherical mass with an aferruginous core (Figure 6).
Iron was not seen in the tumour cells.
An abdominal-wall tumour found in a group 1 rat was a
squamous cell carcinoma and all the testicular tumours were
Leydig cell tumours.
Discussion
Spontaneous mesothelioma in man and animals are rare.
There are a few reports of spontaneous mesotheliomas in
rats. They are occasionally seen as small papillary lesions in
the genital omentum or serosa of the testis and epididymis
Figure 4 Diffuse mesothelioma, sarcoma type. A storiform pat-
tern is seen in this area (Haematoxylin & Eosin stain, bar
0.05 mm).
(Berirschke et al., 1978). Spontaneous neoplastic and non-
neoplastic lesions throughout the natural life-span of male
and female Slc: Wistar rats, which were used in the present
study, were examined by Maekawa et al. (1983). One malig-
nant mesothelioma in the mediastinum, and three orginating
from the peritoneum were detected in a group of 98 male
rats.
Mesothelioma appeared to arise from the tunica vaginalis
in the present study. Although this location is a rare site for
primary mesothelioma in humans (Amthor et al., 1988), the
testicular serosa may be a susceptible site for some experi-710 S. OKADA et al.
.
Figure 5 Anaplastic mesothelioma, which invaded the spleen
(Haematoxylin & Eosin stain, bar 0.025 mm).
Figure 6 High magnification of iron deposition in the stroma of
peritoneum. This is a picture of a typical spherical body with a
central aferruginous core (Perls' iron stain, bar 0.025 mm).
mental animal models (Cabral & Neal, 1983; Tanigawa et al.,
1987). Nitrilotriacetate, a chelator, which makes iron 'free'
(i.e. free iron catalyses more free radical production) (Okada
et al., 1987) seems to enhance the carcinogenic action of iron
locally (Table I). A portion of Fe-NTA might be absorbed,
but the iron portion of Fe-NTA is rapidly donated to trans-
ferrin (Bates & Schlabach, 1973) in the host and iron
becomes non-toxic after absorption from the peritoneal
cavity.
In 1959, Richmond reported on the carcinogenicity of a
colloidal form of iron, iron dextran, in the rat. This work
was rapidly confirmed and extended to other animals by
Haddow & Horning (1960). They also reported similar
results with other iron-containing complexes, in which sac-
charated oxide of iron caused two spindle cell sarcomas and
three histocytomas out of20 mice at the site ofinjection. The
carcinogenic effects were a function of the metal from the
entire complex. Dextran was not carcinogenic. Although we
did not use sucrose in the control animals in our study, we
are not aware of any reports concerning the carcinogenicity
of sucrose. We believe the carcinogenicity of ferric saccharate
to be primarily attributable to iron itself.
Although experimental inductions of mesothelioma by car-
cinogens, minerals or fibres are well-described, by far the
most important environmental contaminant that causes
mesothelioma in humans as well as experimental animals is
asbestos (McCaughey et al., 1985; Jones & Brachet, 1987).
There are several hints that iron components in asbestos
might play an important role in the causation of
mesotheliomas (Churg & Warnock, 1981; McCaughey et al.,
1985; Weitzman & Weitberg, 1985; Jones & Brachet, 1987).
Furthermore, several studies report that asbestos induces free
radical generation, lipid peroxidation and DNA damage
(Gulumian et al., 1983; Kasai & Nishimura, 1984; Weitzman
& Graceffa, 1984; Weitzman & Weitberg, 1985; Gulumian &
Kilroe-Smith, 1987). Iron plays a major role in catalysing
free radical production in general (Halliwell & Gutteridge,
1984; Aust et al., 1985; Girotti, 1985). All these studies
indicate the importance of the iron component in asbestos.
The high incidence of mesothelioma by colloidal iron adds to
evidence of a involvement of iron in the causation of some
malignant neoplasms.
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